We perform a global analysis of searches for the permanent electric dipole moments (EDMs) of the neutron, neutral atoms, and molecules in terms of six leptonic, semileptonic, and nonleptonic interactions involving photons, electrons, pions, and nucleons. Translating the results into fundamental CP-violating effective interactions through dimension six involving Standard Model particles, we obtain rough lower bounds on the scale of beyond the Standard Model CP-violating interactions ranging from 1.5 TeV for the electron EDM to 1300 TeV for the nuclear spin-independent electronquark interaction. We show that future measurements involving systems or combinations of systems with complementary sensitivities to the low-energy parameters may extend the mass reach by an order of magnitude or more.
In what follows, we begin this undertaking by providing a model-independent, global analysis of EDM searches. We carry out this analysis in terms of a set of low-energy hadronic and atomic parameters that one may ultimately match onto CPV interactions at the elementary particle level. It is particularly convenient to organize the latter in terms of an effective field theory (EFT) involving Standard Model degrees of freedom. The effective operators arising in the EFT constitute the CPV "sources". In this context, the EFT provides a bridge between the atomic, nuclear, and hadronic matrix elements most directly related to the EDM searches and the possible origins of new CPV involving BSM particles and their interactions. A given BSM scenario will yield specific, model-dependent predictions for the EFT operator coefficients that one may compare with the constraints obtained from our model-independent global analysis. A detailed discussion of the EFT and its relation to both the low-energy parameters and various BSM scenarios appears in Ref. [1] , whose notation and logic we generally adopt in this paper.
The atomic, molecular, hadronic, and nuclear matrix elements most directly related to the experimental EDMs themselves arise from a set of low-energy leptonic, semileptonic, and non-leptonic interactions. As we discuss below, the dominant contributions arise from: d e ; T-and P-violating (TVPV)
1 pseudoscalar-scalar and tensor electronnucleon interactions, characterized by strengths C S and C T , respectively; the isoscsalar and isovector TVPV pionnucleon couplingsḡ (I) π for I = 0, 1; and a "short-distance" contribution to the neutron EDM,d n . In this context, we find that:
(i) The EDMs of paramagnetic systems are primarily sensitive to the d e and C S .
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(ii) Diamagnetic atom EDMs carry the strongest sensitivity to C T and theḡ (0,1) π , whereas the neutron EDM depends most strongly ond n andḡ (0) π providing four effective CPV parameters that are constrained by results from four experimental systems.
(iii) Inclusion of both d e and C S in the global fit yields an upper bound on each parameter that is an order of magnitude less stringent than would be obtained under the "single-source" assumption.
(iv) Uncertainties in the nuclear theory preclude extraction of a significant limit onḡ (v) Looking to the future, a new probe of the Fr EDM with a d e sensitivity of 10
−28 e-cm [14] could have a significantly stronger impact on the combined d e -C S global fit than would an order of magnitude improvement in the ThO sensitivity. The addition of new, more stringent limits on the EDMs of the neutron, 129 Xe atom, and 225 Ra atom would lead to substantial improvements in the sensitivities to bothḡ (0) π andḡ (1) π .
The quantitative implications of these features are summarized in Table I , where we present our results for 95% confidence-level upper limits based on the current set of experimental results. TABLE I: Ninety-five percent confidence level bounds on the six parameters characterizing the EDMs of the neutron, neutral atoms, and molecules obtained from the fit described in the text.
In terms of the underlying CPV sources, it is interesting to discuss the significance of the foregoing. Among the highlights are:
(i) The QCD vacuum angleθ enters most strongly throughḡ (0) π andd n . From Table I and the analysis of hadronic matrix elements in Ref. [1] , we conclude that |θ| ≤θ max with 2 × 10
, where the bound is dominated by the constraint onḡ
π and where the range is associated with the theoretical, hadronic physics uncertainty. We observe that this limit is considerably weaker than would be obtained under the "single-source" assumption.
(ii) The quantities d e and C S are most naturally expressed in terms of (v/Λ) 2 , where v = 246 GeV is the weak scale;
the electron Yukawa coupling Y e ; and a set of dimensionless Wilson coefficients δ e and C (−)
eq . Since the electron EDM is a dipole operator, it carries one power of Y e whereas the semileptonic interaction does not. For a given value of the BSM scale Λ, the results in Table I implies a constraint on C (−) eq that is roughly five hundred times more stringent than the bound on δ e . In the event that C (−) eq and δ e arise at tree-level and one-loop orders, respectively, the corresponding lower bound on Λ from C S is roughly a thousand times greater than the limit extracted from d e . Thus, for BSM scenarios that generate both a nonvanishing C (−) eq and δ e , the impact of the semileptonic CPV interaction on paramagnetic atom EDMs may be considerably more pronounced than that of the electron EDM.
(iii) The bounds onḡ (1) π are roughly ten times weaker than quoted in earlier theoretical literature, owing in part to use of a theoretically consistent computation of its contribution to the neutron EDM [15] . For some underlying CPV sources, such as those generated in left-right symmetric models, the dependence of diamagnetic EDMs on g (1) π may be relatively more important than the dependence onḡ (0) π due to an isospin-breaking suppression of the latter. Consequently, one may expect more relaxed constraints on CPV parameters in left-right symmetric extensions of the Standard Model (as well as scenarios that yield sizable isovector quark chromo-EDMs) than previously realized, given these less stringent bounds onḡ (1) π .
In the remainder of this paper, we discuss in detail the analysis leading to these conclusions. In Section II, we summarize the theoretical framework, drawing largely on the study in Ref. [1] . Section III summarizes the present experimental situation and future prospects. We discuss the observables and their dependence on the six parameters in Table I . In Section III A we present the details of our fitting procedure. We conclude with an outlook and discussion of the implications in Section IV.
II. THEORETICAL FRAMEWORK

A. Low-energy parameters
The starting point for our analysis is the set of low-energy atomic and hadronic interactions most directly related to the EDM measurements. We distinguish two classes of systems: paramagnetic systems, namely, those having an unpaired electron spin, and diamagnetic systems, or those having no unpaired electron (including the neutron).
Paramagnetic systems:
The EDM response of paramagnetic atoms and polar molecules is dominated by the electron EDM and the nuclear spin-independent (NSID) electron-nucleon interaction. The EDM interaction for an elementary fermion is
where F µν is the electromagnetic field strength. In the non-relativistic limit, Eq. (II.1) contains the TVPV interaction with the electric field E,
where χ f is the Pauli spinor for fermion f and σ is the vector of Pauli matrices. The NSID interaction has the form
where G F is the Fermi constant and N is a nucleon spinor. Taking the nuclear matrix element assuming non-relativistic nucleons leads to the atomic Hamiltonian
where a sum over all nucleons is implied and where the Dirac matrices act on the electron wavefunction. The resulting atomic EDM d A is then given by
where
and where ρ S are obtained from atomic and hadronic computations. For polar molecules, the effective Hamiltonian isĤ
where S andn denote the unpaired electron spin and unit vector along the intermolecular axis, respectively. The resulting ground state matrix element in the presence of an external electric field E ext is
This takes into account the orientation of the internuclear axis and the internal electric field with respect to the external field, i.e. the electric polarizability of the molecule.
Diamagnetic atoms and nucleons:
The EDMs of diamagnetic atoms of present experimental interest arise from the nuclear Schiff moment, the individual nucleon EDMs, and the nuclear-spin-dependent electron-nucleon interaction. Defining the latter as
where S µ is the spin of a nucleon moving with velocity v µ and where the + · · · indicate sub-leading contributions arising from the electron scalar × nucleon pseudoscalar interaction. The resulting Hamiltonian iŝ
where a sum over all nucleons is again implicit; τ 3 is the nucleon isospin Pauli matrix, σ N is the nucleon spin Pauli matrix, and γ acts on the electron wave function. Including the effect ofĤ T , the individual nucleon EDMs d N , and the nuclear Schiff moment S, one has
A compilation of the ρ N Z , κ S , and k (0,1) T can be found in Ref. [1] 3 .
The nuclear Schiff moment arises from a TVPV nucleon-nucleon interaction generated by the pion exchange, where one of the pion-nucleon vertices is the strong pion-nucleon coupling and the other is the TVPV pion-nucleon interaction:
As discussed in detail in [1] and references therein, the isotensor couplingḡ (2) π is generically suppressed by a factor 0.01 with respect toḡ (0) π andḡ (1) π by factors associated with isospin-breaking and/or the electromagnetic interaction for underlying sources of CPV. Consequently we will omitḡ (2) π from our analysis. The nuclear Schiff moment can then be expressed as
where g A ≈ 1.27 is the nucleon isovector axial coupling, and F π = 92.4 MeV is the pion decay constant. The specific values of a 0,1 for the nuclei of interest are tabulated in Table VI . As discussed in detail in Ref. [1] , there exists considerable uncertainty in the nuclear Schiff moment calculations, so we will adopt the "best values" and theoretical ranges for the a 0,1 given in that work. The neutron and proton EDMs arise from two sources. The long-range contributions from the TVPV π-N N interaction have been computed using heavy baryon chiral perturbation theory, with the remaining short distance contributions contained in the "low-energy constants"d n andd p [15] :
At present, we do not possess an up-to-date, consistent set of ρ N Z for all of the diamagnetic atoms of interest here. Rather than introduce an additional set of associated nuclear theory uncertainties, we thus do not include these terms in our fit. Looking to the future, additional nuclear theory work in this regard would be advantageous since, for example, the sensitivity of the present 199 Hg result to d n is not too different from the limit obtained in Ref. [3] .
Low energy parameters: summary
Based on the foregoing discussion, our global analysis of EDM searches will take into account the following parameters:
• Paramagnetic atoms and polar molecules: d e and C S
• Neutron and diamagnetic atoms:ḡ
π ,d n , and C (0,1) T for the neutron and diamagnetic atoms.
B. CPV sources of the low-energy parameters
In order to interpret the low-energy parameters in terms of underlying sources of CPV, we will consider those contained in the SM as well as possible physics beyond the SM. A convenient, model independent framework for doing so entails writing the CPV Lagrangian in terms of SM fields [1] :
(II.17)
Here the CPV SM CKM [16] and QCD [17] [18] [19] interactions are
where g 2 and g 3 are the weak and strong coupling constants, respectively,
CKM denotes a CKM matrix element, W ± µ are the charged weak gauge fields, and Higgs   TABLE II : Dimension-six CPV operators that induce atomic, hadronic, and nuclear EDMs. Here ϕ is the SM Higgs doublet, ϕ = iτ2ϕ * , and Φ = ϕ ( ϕ) for I f < 0 (> 0).
4 is the dual to the gluon field strength G µν . The effects of possible BSM CPV are encoded in a tower of higher-dimension effective operators,
where Λ is the BSM mass scale considered to lie above the weak scale v = 246 GeV and where we have shown explicitly only those operators arising at dimension six. These operators [20] are listed in Tables 3 and 4 of Ref. [1] . For purposes of this review, we focus on the subset listed in Table II . After EWSB, quark-gluon interactions give rise to the quark chromo-electric dipole moment (CEDM) interaction:
where T A (A = 1, . . . , 8) are the generators of the color group. Analogously, Q f W and Q f B generate the elementary fermion EDM interactions of Eq. (II.1). Letting
where V k = B, W , and G for k = 1, 2, 3 respectively, the relationships between thed q and d f and the C f V k arẽ
where 25) and I f 3 is the third component of weak isospin for fermion f . Here, we have expressed d f andd q in terms of the Fermi scale 1/v, a dimensionless ratio involving the BSM scales Λ and v, and the dimensionless Wilson coefficients.
Expressing these quantities in units of fm one has
As discussed in Ref. [1] , it is useful to observe that the EDM and CEDM operator coefficients are typically proportional to the corresponding fermion masses 5 , as the operators that generate them above the weak scale (Q q G , Q f W , Q f B ) contain explicit factors of the Higgs field dictated by electroweak gauge invariance. It is, thus, convenient to make the dependence on the corresponding fermion Yukawa couplings Y f = √ 2m f /v explicit and to define two dimensionless quantitiesδ q and δ f that embody all of the model-specific dynamics responsible for the EDM and CEDM, respectively, apart from Yukawa insertion:
While one often finds bounds on the elementary fermion EDM and CEDMs quoted in terms of d f andd q , the quantities δ f andδ q are typically more appropriate when comparing with the Wilson coefficients of other dimension-six CPV operators (see below). One may also derive generic (though not air tight) expectations for the relative magnitudes of various dipole operators. For example, for a BSM scenario that generate both quark and lepton EDMs and that does not discriminate between them apart from the Yukawa couplings, one would expect δ q ∼ δ . On the other hand, the corresponding light quark EDM d q would be roughly an order of magnitude larger than that of the electron, given the factor of ten larger light quark Yukawa coupling 6 . In what follows, we will therefore quote constraints on both d e and δ e implied by results for paramagnetic systems; for implications of the neutron and diamagnetic results for the quark EDMs (d q /δ q ) and CEDMs (d q /δ q ) we refer the reader to Ref. [1] .
The remaining operators in Table II include O G , the CPV Weinberg three-gluon operator (sometimes called the gluon CEDM); a set of three semileptonic operators Q ledq , Q quqd and Q (8) quqd . An additional four-quark CPV interaction arises from the quark-Higgs operator Q ϕud in Table II The aforementioned operators will give rise to various low-energy parameters of interest to our analysis. Here we summarize a few salient features:
• L CKM : At the elementary particle level, the CKM-induced quark EDMs vanish through two-loop order; the first non-zero contributions arise at three-loop order for the quarks and four-loop order for the leptons. The effects of elementary fermions in the hadronic, atomic, and molecular systems of interest here are, thus, highly suppressed. The dominant contribution enters the neutron EDM and nuclear Schiff moments via the induced CPV penguin operators that generate TVPV strangeness changing meson-nucleon couplings. The expected magnitudes of d n and diamagnetic-atom EDMs are well below the expected sensitivities of future experiments, so we will not consider the effects of L CKM further here.
• Lθ: The QCD θ-term will directly induce a nucleon EDM as well as the TVPV couplingḡ π andḡ (2) π is suppressed by an additional power of m 2 π whileḡ (2) π is further reduced by the presence of isospin breaking. 5 Exceptions to this statement do occur. 6 We will neglect the light-quark mass splitting and replace Yu,
withm being the average light quark mass.
• L eff BSM : The presence of the quark CEDM, three-gluon operator, and CPV four-quark operators will induce non-vanishing nucleon EDMs. As noted in section II A the expected magnitude ofḡ (2) π relative toḡ
is always suppressed by a factor 0.01 associated with isospin breaking and only the CPV π-N N coupling constantsḡ
are included in our analysis. Additionally, the effect of a non-vanishing ImC ϕud will generate both a nucleon EDM and, to leading order in chiral counting, contribute toḡ π contribution to the 199 Hg Schiff moment are particularly large. At present, the sign of a 1 is undetermined, and it is possible that its magnitude may be vanishingly small [1] . In contrast, the computations of a 1 for other diamagnetic systems, appear to be on firmer ground.
• The semi-leptonic operators O edq and O (1, 3) equ will induce an effective nucleon spin-independent (NSID) electronnucleon interaction The coefficients C (0,1) S can be expressed in terms of the underlying semileptonic operator coefficients and the nucleon scalar form factors:
equ .
(II. 31) and the isoscalar and isovector form factors g 
Γψ N Γψ N , (II.32)
Γψ N Γτ 3 ψ N , (II.33)
where Γ = 1 and σ µν , respectively. Values for these form factors can be obtained from Ref. [1] .
• We observe that there exist more CPV sources than independent low-energy observables. Restricting one's attention to interactions of mass dimension six or less involving only the first generation fermions and massless gauge bosons, one finds thirteen independent operators. For the paramagnetic systems, the situation is somewhat simplified, as there exist only three relevant operators: the electron EDM and the two scalar (quark) × pseudscalar (electron) interactions. For the systems of experimental interest, the electron EDM and C (0) S operators dominate. For the diamagnetic systems, on the other hand, there exist ten underlying CPV sources that may give rise to the quantitiesḡ
π ,d n , and C (0,1) T
. Even with the possible addition of a future proton EDM constraint, thereby adding one additional low-energy parameterd p , it would not be possible to disentangle all ten sources from the experimentally accessible quantities. Future searches for the EDMs of light nuclei may provide additional handles (see, e.g. Ref. [1] and references therein), but an analysis of the prospects goes beyond the scope of the present study. Instead, we concentrate on the present and prospective constraints on the dominant low-energy parameters d e , C S ,ḡ . At this level of interpretation, a meaningful fit would include only one parameter rather than two distinct and independent tensor couplings. Unfortunately, we presently possess limited information on the nucleon tensor form factors g
III. EXPERIMENTAL STATUS AND PROSPECTS
Over the past six decades, a large number of EDM measurements in a variety of systems have provided results, all of which are consistent with zero. The most recent or best result for each system used in our analysis is presented in Table III . The results are separated into two distinct categories as indicated above: (a) paramagnetic atoms and molecules and (b) diamagnetic systems (including the neutron). Although paramagnetic systems (Cs, Tl, YbF and ThO) are most sensitive to both the electron EDM d e and the nuclear spin-independent component of the electronnucleus coupling (C S ), most experimenters have presented their results as a measurement of d e , which requires the assumption that C S = 0. As we discuss below, this assumption is not required in a global analysis of EDM results.
Diamagnetic systems, including 129 Xe and 199 Hg atoms, the molecule TlF, and the neutron, are most sensitive to purely hadronic CPV sources, as well as the tensor component of the electron-nucleus coupling C T for atoms and molecules; however the electron EDM and C S contribute to the diamagnetic atoms in higher order. The constraints provided by the diamagnetic systems are expected to change significantly within the next few years. Strong efforts or proposals at several labs foresee improving the neutron-EDM sensitivity by one or more orders of magnitude [21] [22] [23] [24] [25] [26] , and the EDM of 129 Xe by several orders of magnitude [27, 28] . Most importantly, there has been significant progress in theory and towards a measurement of the EDMs of heavy atoms with octupole-deformed nuclei, i.e. in 225 Ra [29] and 221 Rn or 223 Rn [30] . In these systems, the nuclear structure effects are expected to enhance the Schiff moment generated by the long-range TVPV pion-exchange interaction, leading to an atomic EDM 2-3 orders of magnitude larger than 199 Hg. As we show below, an atomic-EDM measurement at the 10 −26 e-cm level will provide additional input that will significantly impact our knowledge of the TVPV hadronic parameters.
A. Constraints on TVPV Couplings
From the arguments presented above, there are seven dominant effective-field-theory parameters:
π , and the two isospin components of the short-range hadronic contributions to the neutron and proton EDMs, which we isolate asd n andd p in eq. II.16. We, thus, write the the EDM of a particular system as
where α de = ∂d/∂d e , etc.. This can be compactly written as
where i labels the system, and j labels the physical contribution. The coefficients α ij are provided by atomic and nuclear theory calculations and are listed in Tables IV and V for diamagnetic and paramagnetic systems, respectively. The sensitivity of the EDM for each experimental system to the parameters presented as a best value and a reasonable range as set forth in Ref. [1] .
B. Paramagnetic systems: limits on de and CS
Paramagnetic systems are dominantly sensitive to d e and C S ; thus for Cs, Tl, YbF and ThO, following Ref. [12] and recalling that the experimental result is reported as a limit on the electron EDM, we can define an effective electron EDM entering paramagnetic systems as
The quantities α C S /α de listed in Table IV vary over a small range, i.e. from (0.6 − 1.5) × 10 −20 e-cm for the paramagnetic systems and from (3 − 5) × 10 −20 for Hg, Xe and TlF. We note, as pointed out in Ref. [12] , that while there is a significant range of α de and α C S from different authors, there is much less dispersion in the ratio α C S /α de as reflected in Table IV . In Figure 1 , we plot d e as a function of C S using experimental results for d TABLE IV: Sensitivity to de and CS and the ratio αC S /α de for observables in paramagnetic systems based on atomic theory calculations. Ranges (bottom entry) for coefficients αij representing the contribution of each of the TVPV parameters to the observed EDM of each system. See Refs. [1, 34] for Cs and Tl. For YbF, theory results are compiled in Ref. [12] , and for ThO we use result from Refs. [12, 35, 36] .
In order to account for the variation of atomic theory results we vary α C S /α de over the ranges presented in Table IV and find that when the α C S /α de are most similar,
It is in principle possible to include the diamagnetic systems, in particular 199 Hg, in constraining d e and C S . To do so, however, requires accounting for the hadronic and C T contributions to d A ( 199 Hg). As described below, the hadronic parameters and C T are constrained by our analysis of the diamagnetic systems, though the constraints are quite weak due to the limitations of both experimental input and hadronic theory. Using the experimental result for d A (
199 Hg) combined with the upper limits for C T ,ḡ
π , we estimate the contribution to d A ( 199 Hg) from d e and C S , i.e. 37) where the coefficients α ij for 199 Hg are given in Table V . The large numerical value follows from the uncertainties on the parameters C T ,ḡ
π andḡ (1) π resulting from the global fit. When this additional constraint is included, the limits on d e and C S improve slightly due to the lever arm provided by the significantly different α C S /α de compared to the paramagnetic systems with the result Error ellipses representing 68% and 95% confidence interval for the two parameters d e and C S are presented in Figure 1 . The corresponding constraints on δ e (v/Λ) 2 and Im C and the electron-nucleon contribution C T . As noted above, d e and C S contribute to diamagnetic systems in higher order. Given that d e and C S are effectively constrained by the paramagnetic systems, constraints on the four free parameters C T ,ḡ
π and d n are provided by four experimental results from TlF, 129 Xe and 199 Hg and the neutron. For example, the solution using the experimental centroids and the best values for the coefficients are labeled as "exact solution" in the first line of Table VII . In order to provide estimates of the constrained ranges of the parameters, we define χ 2 for a given set of coefficients α ij and a set of parameters C j :
where d i is given in equation III.35. We then take the following steps:
1. Fix d e and C S using paramagnetic systems only: d e = (−0.1 ± 1.8) × 10 −27 e-cm; C S = (0.1 ± 1.3)10 −7 .
2. Vary C j to determine χ 2 contours for a specific set of α ij . For 68% confidence and four parameters, (χ 2 −χ Table V to estimate ranges C T ,ḡ
π , andd n . Our estimates of the constraints are presented as ranges in Table VII . Finally, we use the ranges for C T ,ḡ (0) π and g (1) π to determine their contribution to the EDM of 199 Hg and subtract to isolate the d e /C S contribution as described above. 
π as presented in Ref. [1] .
IV. EXPERIMENTAL OUTLOOK & THEORETICAL IMPLICATIONS
Anticipated advances of both theory and experiment would lead to much tighter constraints on the TVPV parameters. The disparity shown in Table VII between the ranges provided by the best values of the coefficients α ij and those provided by allowing the coefficients to vary over the reasonable ranges emphasizes the importance of improving the nuclear physics calculations, particularly the Schiff moment calculations for 199 Hg. On the experimental front, we anticipate the following:
1. Increased sensitivity of the paramagnetic ThO experiment [6] CT × 10 7ḡ (0) πḡ ( Some scenarios for improved experimental sensitivity and their impact are presented in Table VIII . In the first line we summarize the current upper limits on the parameters at the 95% CL. The remainder of the table lists the impact of one or more experiments with the improved sensitivity noted in the third column, assuming a central value of zero. Note that we do not consider a possible future proton EDM search. While every experiment has the potential for discovery in the sense that improving any current limit takes one into new territory, it is clear from Table VIII that inclusions of new systems in a global analysis may have a much greater impact on constraining the parameters than would improvement of experimental bounds in systems with current results.
For example, ThO provides such a tight correlation of d e and C S , as shown in Fig. 1 , that narrowing the experimental upper and lower limits without improvements to the other experiments does not significantly improve the bounds on d e and C S . Adding a degree of freedom, such as a result in Fr, with α C S /α de ≈ 1.2 × 10 −20 [12] , could significantly tighten the bounds. Similarly, a result in an octupole-deformed system, e.g.
225 Ra or 221 Rn/ 223 Rn would add a degree of freedom and over-constrain the the set of parameters C T ,ḡ
π andd n . Due to the nuclear structure enhancement of the Schiff moments of such systems, their inclusion in a global analysis could have a substantial impact on theḡ
π as well as on C T . In contrast , the projected 100-fold improvement in 129 Xe (not octupole-deformed) would have an impact primarily on C T . In the last line of Table VIII, we optimistically consider the long term prospects with the neutron and 129 Xe improvements and the octupole-deformed systems. The possibility of improvements to TlF, for example with a cooled molecular beam [45] or another molecule will, of course, enhance the prospects.
From a theoretical perspective, it is interesting to consider the theoretical implications of the present and prospective global analysis results. Perhaps, not surprisingly, the resulting constraints on various underlying CPV sources are weaker than under the "single-source" assumption. For example, from the limit onḡ (0) π in Table I and the "reasonable range" for the hadronic matrix element computations given in Ref. [1] , we obtain |θ| ≤θ max , with 2 × 10
(global) (IV.39) a constraint considerably weaker than the order 10 −10 upper bound obtained from the neutron or 199 Hg EDM under the "single-source" assumption. Similarly, for the dimensionless, isoscalar quark chromo-EDM, theḡ where we have used the upper end of the hadronic matrix element range given in Ref. [1] . Since the quark chromoEDMs generally arise at one-loop order and may entail strongly interacting virtual particles, we may translate the range in Eq. (IV.40) into a range on the BSM mass scale Λ by takingδ We note, however that given the considerable uncertainty in the hadronic matrix element computation these bounds may be considerably weaker 7 . For the paramagnetic systems, the present mass reach may be substantially greater. For the electron EDM, we again make the one-loop assumption for illustrative purposes, taking δ e ∼ sin φ CPV × (α/4π) so that Λ > ∼ (1.5 TeV) × sin φ CPV Electron EDM (global) (IV.42)
de (e-cm) CS CTḡ TABLE VIII: Anticipated limits (95%) on P-odd/T-odd physics contributions for scenarios for improved experimental precision compared to the current limits listed in the first line using best values for coefficients in Table IV for the fifth and sixth lines to achieve comparable sensitivity to that listed for Ra.
The scalar (quark) × pseudscalar (electron) interaction leading to a non-vanishing C S may arise at tree-level, possibly generated by exchange of a scalar particle that does not contribute to the elementary fermion mass through spontaneous symmetry-breaking. In this case, taking Im C (−)
eq ∼ 1 and using the bound in Table I gives
Under the "single-source" assumption, these lower bounds become even more stringent. Due to the quadratic dependence of the CPV sources on (v/Λ), an order of magnitude increase in sensitivity to any of the hadronic parameters will extend the mass reach by roughly a factor of three. In this respect, achieving the prospective sensitivities for new systems such as Fr and combinations of diamagnetic systems such including the neutron, 129 Xe and octupole-deformed systems as indicated in Table VIII would lead to significantly greater mass reach. Achieving these gains, together with the refinements in nuclear and hadronic physics computations needed to translate them into robust probes of underlying CPV sources, lays out the future of EDM research in probing BSM Physics.
